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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-1789

AFRODYNAMIC CHARACTERISTICS OF TOWED SPHERES,
CONICAL RINGS, AND CONES USED AS DECELERATORS
AT MACH NUMBERS FROM 1.57 TO L4.65

By Nickolai Charczenko

SUMMARY
/j(th\g

An investigation was made to determine the drag and stability characteris-
tics of spheres, conlcal rings, cones, and modified cones when towed in the wake
of several space-vehicle configurations. The tests were made over a Mach number
range of 1.57 to 4.65 with variation in the following parameters: Reynolds num-
ber, trailing distance, ratio of decelerator base diameter to space-vehicle base
diameter, cone angle, and size of disk added to the base of a cone.

There are three stability regions for a decelerator in the wake of a vehi-
cle: (a) in close proximity to the vehicle base (for decelerators having diam-
eter larger than the space-vehicle base diameter, portions of decelerator are in
supersonic flow) the decelerator may be stable; (b) at slightly longer trailing
distances, where the decelerator is entirely in a subsonic wake, it is unstable;
and (c) at still longer trailing distances, where the decelerator is essentially
fully exposed to supersonic flow, it is stable subject only to geometry limita-
tions. In the flow behind a space vehicle the drag coefficient for a decelerator
is closely related to its stability characteristics in that the drag values are
greater where a decelerator is stable. The 80° cone with an attached disk whose
diameter is 10 percent larger than the base diameter of the cone has the highest
drag coefficient values of any of the stable decelerators tested in this series.
Considerable increase in drag-coefficient values can be obtalined by increasing
the ratio of the decelerator base diameter to the space-vehicle base diameter.

INTRODUCTION

The investigation discussed herein is part of an overall program to study
possible decelerator configurations capable of providing satisfactory decelera-
tion performance at supersonic speeds. Such decelerators would be employed for
the recovery of spacecraft, launch vehicles, and other high-speed vehicles.
Parachutes, balloons, retro-rockets, conical rings, and cones are some of the
drag devices that are being considered as decelerators. (See refs. 1 to 4.)
All of these drag devices have certain advantages and disadvantages, and the



final selection for a particular application will be based upon such factors as i
weight, drag coefficient, stability, and simplicity of design. |

The recovery of space vehicles by the use of trailing decelerators has
created a new requirement for a decelerator in that it has to perform satisfacto- |
rily at very high altitudes and supersonic speeds. Even though the lift-drag type
of configurations may be the most likely choice for many of the recovery opera-
tions in the future, their development will take time. In the meantime, trailing
decelerators will find many uses, and in addition, trailing drag devices will
probably find many continuing applications in the future primarily because of
their simplicity. One of the nonlifting-type drag devices which has been used
extensively with great success at subsonic speeds is the parachute, but its appli-
cation at supersonic speeds has been limited because of its instability (ref. 1).
Only recently have parachute configurations been developed that show promise of
extending parachute operations through the supersonic speed range; however, in
tests of parachutes in free flight, limited success has been attained only up to
Mo = 2.00. Thus there is a need for further investigation with parachutes or
other drag devices that could fulfill the decelerator requirements in the super-
sonic speed range.

Wind-tunnel tests indicate considerable promise for both towed balloons
(ref. 2) and cones (ref. 3) as decelerators at supersonic speeds. With this in
mind a group of decelerators - spheres, conical rings, cones, and modified cones -
were tested in the wake of several possible spacecraft configurations through a
Mach number range of 1.57 to 4.65 to provide basic drag data and cbtain some indi-
cation of their stability. |

SYMBOLS

a length of decelerator, in.

C d ici D

D rag coefficient, S|

D decelerator drag, 1b

d base diameter of space vehicle, in.

de reference (maximum) diameter of decelerator, in.

de diameter as indicated in figure 4

d.c - df .
3 X 100 percentage increase in base diameter of decelerator due to disk
T

1 tow-cable length, in.




Z/d trailing distance in terms of space-vehicle base diameters (for space
vehicle C, base diameter was taken to be 7.0 in.)

Mo free-stream Mach number

q, free-stream dynamic pressure, 1lb/sqg ft

r radius

S reference area (based on maximum cross-sectional area of decelerator),
sq ft

6 decelerator cone angle, deg

o) deflection angle of flap with respect to center line of space vehicle C,
deg

WIND TUNNEL

The tests were conducted in the Langley Unitary Plan wind tunnel, which is a
variable-pressure return-flow tunnel. The tunnel has two test sections which are
I feet square and approximately 7 feet in length. The nozzles leading to the test
sections are asymmetric sliding-block-type nozzles which allow the Mach number to
be varied continuously through a range from 1.5 to 2.8 in one test section and
from 2.3 to 4.65 in the other. Further details of the wind tunnel may be found
in reference 5.

MODELS

A sketch and photographs of the test setup are shown in figure 1. The space
vehicle is supported in the center of the tunnel by two thin struts spanning the
tunnel in the horizontal plane.

Shown in figure 2 is a sketch of the three space vehicles used in this inves-
‘tigation. They will be referred to hereafter as space vehicles A, B, and C as
indicated in the drawing. Space vehicles A and B are both bodies of revolution
with identical forebodies. They differ in length and type of afterbody, one
having a cylindrical and the other a flared afterbody. Vehicles A and B contained
an internal strain-gage balance to which a motor-driven drum was attached as indi-
cated in figure 3. By means of this motor-driven drum the l/l6—inch steel tow
cable could be shortened or lengthened remotely.

The third vehicle is a blunt 30° half-cone reentry confi
upper surface. At the base it has six flaps, as indicated in
be deflected 60° with respect to the center line of the model.



Spheres, conical rings, cones, and modified cones were used as trailing
decelerators in this investigation. Dimensions and variables for these models
are given in figure 4. Materials and construction details are shown in figure 5.
The trip fence was put on the spheres primarily because it is needed at subsonic
speeds to improve stability. However, its contribution to stablility or drag at
supersonic speeds is insignificant.

A line was attached to the rear of all decelerators as shown in figures 1(b)
and 1(c) to stabilize the decelerator during starting and stopping of the tunnel
and also to prevent the decelerator from striking the test-section wall if it
became unstable.

TESTS AND ACCURACIES

The tests were made over a Mach number range from 1.57 to 4.65 at various
Reynolds numbers as indicated in table I. For tests to determine the Reynolds
number effect, variation in Reynolds number was achieved by changing the stagna-
tion pressure.

The accuracy of the individual gquantities is estimated to be within the fol-
lowing limits:

12 « P I 0.2
My, (L.5T £0 3.50) & v ¢ 4 4 v ¢ o v o o o o o o = o o o« o « o o« « « o . *0.015
M, (3.96 to L.65) + v v v v v w o e s e e e e e e e e e e e e e e . *0.05C
15 R 1 T - = 0 516

RESULTS AND DISCUSSION

Stability

The term "stable" as used herein refers to the dynamic behavior of a par-
ticular decelerator; it means that any oscillating motion caused by a disturbance
dies out or that the decelerator oscillates with an amplitude of less than approx
imetaly 10 percent of the trailing distance (based on visual observation). The
10-percent oscillation was arbitrarily set as a limit.

The stability of rigid-type decelerators in the wake of vehicles is depender
primarily on two items: (1) the flow field around the decelerator and (2) the
geometry of the decelerator.

A decelerator behind a vehicle at supersonic free-stream velocities has bee
regarded as having stable characteristics for long trailing distances (decelera-
tor in supersonic flow field) and unstable characteristics for short trailing
distances (decelerator in subsonic flow field). (See refs. 3 and 6.) The cur-
rent tests indicate still another region with stable decelerator characteristics
the very short trailing distance, at which a large enough body (decelerator) is
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partly in a subsonic and partly in a supersonic flow field. The amount of the
decelerator that must be exposed to the supersonic flow in order to produce a
stable configuration is not, at present, defined. These three types of flow
fields that may exist for a decelerator in the wake of a vehicle are illustrated
in figure 6.

The dependence of stability on the geometry of a decelerator is well recog-
nized. For example, towed cones with apex angles up to 80° were found to be
stable in a supersonic flow field (ref. 3); however, those having an apex angle

! of 90° or larger were unstable. Similar results were observed with conical rings

in the present investigation. A modified 60° cone (see fig. 4) was very stable
when a/dc was 0.5&7, but when this ratio was decreased to 0.291 the cone became

| marginally stable. Also, an 80° cone, which was stable with a disk whose diam-

eter was 10 percent larger than the base diameter of the cone, became unstable
when the disk diameter was increased to 15 percent. There were no noticeable
effects on the stability of the spheres due to the trip fence.

It should be noted that the bow-shock fluctuations, which present a serious
problem for parachute operation at supersonic speeds (ref. 1), also exist with
rigid-type bodies having blunt frontal areas such as spheres or 60° modified
cones, but the bow shock has little influence on their stability.

Drag Characteristics

The basic drag-coefficient data, and schlieren photographs of the associated
flow fields for some of the drag devices, are presented in figures 7 to 20. A
comparison of the drag coefficients for the various stable decelerators tested
is made in figure 21.

The effects of Reynolds number were determined for the 80° cone towed behind
space vehicles A and B. The results, presented in figure 7, show that at
Mo = 2.30 a change in Reynolds number causes a sizable divergence of drag coef-

ficient with decreasing Z/d. The Reynolds number has little effect on drag
coefficient at other test Mach numbers except for the 80° cone in the wake of
space vehicle B at a Mach number of 3.50.

The drag of a decelerator is dependent on the type of flow field it is in,
as was previously discussed, which is closely related to the trailing distances.
High drag-coefficient values are obtained for long trailing distances and low
drag-coefficient values are obtained for short tralling distances. This phenom-
enon is illustrated in figure 9, where typical schlieren photographs are super-
imposed on a drag-coefficient plot for a 6-inch sphere in the wake of space vehi-
cle B at a Mach number of 3.96. It may be seen that the lower drag-coefficient
values are obtained for the short trailing distances, where the sphere is in the
subsonic wake of the vehicle, whereas the higher drag-coefficient values are
obtained when a significant portion of the sphere is in a supersonic flow fleld.
A transition region is also illustrated in figure 9 where either high or low
drag coefficients may be obtained for the 6-inch sphere at l/d values from

about 2.65 to 3.1, depending on the direction from which the decelerator

approaches this region as indicated by the arrows. At Very short trailing
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distances where the decelerator is partially in subsonic and partially in super-
sonic flow fields it has intermediate drag-coefficient values, as can be seen
from figure 8(a). It should be pointed out that drag values were not obtained
for some of the configurations at short trailing distances because of violent
oscillations of the decelerator.

The data of figure 8(b) show that for a given space vehicle, the larger the
sphere the greater the trailing distance at which the transition occurs from one
type of flow to the other. Inspection of the schlieren photographs in figure 10
shows that as the sphere approaches the space vehicle, the bow shock wave of the
sphere affects the trailing shock wave from the space vehicle. Where the effect
of the bow shock becomes strong enough, the trailing shock spreads farther out
from the center of the wake, allowing portions of the decelerator to be in sub-
sonic flow. Then, with decreasing trailing distance, at some point there is a
sudden change to a completely subsonic wake. Further decrease in trailing dis-
tance, for a sphere that is large in comparison with the base area of the space
vehicle, leads to a condition in which an appreciable portion of the sphere
emerges into the supersonic stream. The effect of the bow wave of a small sphere

is not felt by the trailing shock of a vehicle as soon as that of a larger sphere.

Thus the transition for the larger spheres occurs at larger trailing distances.

The effect of the relative sizes of the sphere and space vehicle on the drag
coefficient is shown in figure 8. For example, in figure 8(b) at Mo = 3.50,
increasing dq/d from 0.73 to 1.45 increases Cp by as much as 33 percent.

This result would be expected because a smaller percentage of a large decelerator
is acted upon by the wake from the space vehicle and tow cable. Further indica-
tions of the effect of the vehicle wake on the drag coefficient of a decelerator
are seen in figure 8(c), since there is an appreciable reduction in decelerator
drag when the control surfaces on the space vehicle are deflected. A compari-
son between the data of figures 8(a) and 8(b), on the other hand, shows that for
a given sphere size and tow-cable length the drag coefficients behind space
vehicle A are lower at some Mach numbers than those behind vehicle B. This
result is opposite to the above trend concerning wake size but an explanation
can be obtained from figure 11. This figure shows the decelerator bow wave much
farther in front of the sphere for space vehicle A than for space vehicle B.

This difference is primarily due to the method of attachment of the spheres to
the tow line (see fig. 5). 1In either case the attachment method was not com-
pletely uniform throughout the tests and may have varied somewhat from one decel-
erator to another; however, the swivel on the tow cable causes a more forward
separation of the shock and results in a more oblique shock wave. The more
oblique shock structure for the decelerator behind space vehicle A will neces-
sarily lead to lower pressures and, of course, lower drag coefficients for this
configuration in comparison with the one behind space vehicle B. Thus the method
of attachment is an important factor in obtaining maximum drag for a given decel-
erator in a supersonic stream.

Up to this point, only spheres have been used to illustrate the drag-
coefficient characteristics of decelerators. However, the foregoing discussion
is, in general, applicable to all decelerators in this investigation.




The drag-coefficient data of figure 12 indicate that conical rings may be
effective drag devices since they have relatively large drag coefficients. In
addition, the conical ring may be carried with little or no weight penalty in
the form of an interstage fairing. In the case of the conical-ring decelerator
with dc/d = 2.05 and df/d = 1.39, there is little or no drag-coefficient decre-

ment with decrease in two-line length. This result indicates that there is no
influence of vehicle wake on the decelerator and little or no effect of decel-
erator bow wave on the trailing wake of the vehicle. This relatively constant
drag~coefficient value with trailing distance is believed to prevail for df/d

values down to only a little greater than 1.

Tests performed on a series of modified 60° and 80° cones with and without
base disks (figs. 14 and 15) show that the largest drag coefficients of a stable
configuration were obtained for an 80° cone with a disk whose diameter was
10 percent larger than the cone base diameter. Although larger drag-coefficient
values could be obtained with a disk having a diameter 15 percent larger than
the cone base diameter, as indicated in figure 15(b) at My, = 2.00, this configu-
ration was very unstable. It should be noted that at some Mach numbers the drag
coefficient of an 80° cone was increased by as much as 45 percent by addition of
a disk having a diameter 10 percent larger than the base diameter of the cone.

The variation of drag coefficient with Mach number for various 1/d values
is cross plotted in figures 17 to 20 for the convenience of the reader. In
general higher drag-coefficient values were obtained at lower supersonic speeds.

Shown in figure 17(c) are supersonic data along with some previously unpub-
lished subsonic data (obtained from tests in the Langley 8-foot transonic pres-
sure tunnel) for spheres in the wake of space vehicle C. This figure shows
considerably lower drag-coefficient values for spheres at subsonic Mach numbers.

A comparison between the drag-coefficient values for the various stable
decelerators investigated is made in figure 21. The 80° cone with a disk whose
diameter is 10 percent larger than the cone base diameter has the highest drag
coefficients throughout the test Mach number range. Even though drag is not the
only consideration in choosing a decelerator for a specific mission, large drag
does represent a wider margin in trade-off with such factors as reduction in
size of decelerator, which essentially means reduction in weight.

CONCLUSIONS

A wind-tunnel investigation to determine the drag and dynamic behavior of
spheres, conical rings, cones, and modified cones towed as decelerators in the
wake of space vehicles at supersonic speeds leads to the following conclusions:

1. The stability of rigid-type decelerators in the wake of vehicles is
dependent primarily on two items: the flow field around the decelerator and
the geometry of the decelerator.



2. From visual observations in the course of this investigation it was
established that in genersl there are three stability regions for a decelerator
in the wake of a vehicle: (a) in close proximity to the vehicle base (for
decelerators having diameter larger than the space-vehicle base diameter, por-
tions of decelerator are in supersonic flow) the decelerator may be stable; (b)
at slightly longer trailing distances, where the decelerator is entirely in a
subsonic wake, it is unstable; and (c¢) at still longer trailing distances, where
the decelerator is essentially fully exposed to supersonic flow, it is agaln
stable subject only to geometry limitations.

3. In the flow behind a space vehicle the drag coefficient for a decelerator
is closely related to its stability characteristics in that the drag values are
greater where a decelerator is stable.

L. The 80° cone with an attached disk whose diameter is 10 percent greater
than the base diameter of the cone has the highest drag-coefficient values of
any of the stable decelerators tested in this series.

5. Considerable increase in drag-coefficient values can be obtained by
increasing the ratio of the decelerator base diameter to the space-vehicle base
diameter.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., February 1k, 1963.
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TABLE

I.~- TEST CONDITIONS

Space vehicle A Space vehicle B Space vehicle C
Decelerator nﬁgl;r Dynamic | Reynolds 1 / a Dynamic | Reynolds 1 / a Dynamic | Reynolds 1 / a
pressure, number pressure, number pressure, number
1b/sq £t | per foot | T*™8® [1b/eq £t'| per foot | 28 | 1p/sq £t | per foot range
k-inch sphere| 2.00 257 |1.16 x 10%{2,0-12.0] 260 |1.17 x 108|2.0-6.0 260 |1.17 x 106|2.0-5.0
2.50 185 .85 2.0-12.0 185 .85 2.0-6.0 185 .85 2.0-5.0
2.87 137 .70 2.0-12.0 138 .70 2.0-6.0 138 .70 2.0-5.0
3.00 149 .78 2.0-12.0 149 .78 3.3-6.3 I e ymroy
3.50 162 1.00 2.0-12.0 162 1.00 1.5-6.3 VIV [P O —
3.96 154 1.05 2.0-13.0 154 1.05 1.5-6.3 B T Bt
4.65 126 1.09 2.0-13.0 126 1.09 1.5-6.3 ] e
6-inch sphere| 2.00 258 1.16 x 106|2.0-12.0 260 1.17 x 106|2.0-6.0 260 1.17 x 106{2.0-4.0
2.50 185 .85 2.0-12.0 185 .85 2.0-6.0 185 .85 2.0-5.0
2.87 137 .70 2.0-12.0 139 .70 2.0-6.0 138 .70 3.0-5.0
3.00 148 .78 2.0-12.0 17 .78 1.0-6.0 B ] Bt
3.50 162 1.00 2.0-12.0 161 1.00 1.0-6.0 B
3.96 15k 1.05 2.0-12.0 15k 1.05 1.0-6.0 P
h.65 126 1.09 2.0-12.0 126 1.09 1.0-6.0 N e
8-inch sphere| 2.00 259 1.17 x 106|2.0-10.0 258 1.16 x 106|3.0-4.0 259
2.30 -— 213 .9k k.0 -—
2.50 185 .85 2.0-12.0 185 .85 2.0-6.0 185
2.70 PEURVRG VIV VPR [P Sp— 157 .76 4.0 -—
2.87 138 .70 2.0-12.0 137 .70 2.0-6.0 138
2.90 —— 158 .81 4.0 —
3.00 148 .78 4.,0-12.0 148 .78 1.0-6.0 -——
3.20 — -— 146 .82 k.0 -—
3,40 — [ [ —— 159 .95 k.0 ——-
3.50 162 1.00 k.0-12.0 162 1.00 1.0-6.0 ——
3.70 JEURESE (PR I P 150 1.00 4.0 ——
3.96 154 1.05 6.0-12.0 154 1.05 1.0-6.0 ——-
4.20 — JRPPRPIRPEIRVY R 153 1.14 4.0 ——— -
k.%o O IR 145 1.16 4.0 R DIV, P
L.65 126 1.09 2.0-12.0 126 1.09 1.0-6.0 JEPUU N O (U
60° contcal | 1.57 306 |1.18 x 106{2.0-6.0 — SRR RO F—
ring 2.00 255 1.16 2.0-12.0 262 1.18 x 106|1.7-6.0 258 1.17 x 106{2.0-5.0
2.50 185 .85 2.0-12.0 185 .85 1.7-6.0 185 .85 2.0-5.0
2.87 137 .70 2.0-12.0 139 .70 2,0-6.0 138 .70 2.0-4.0
70° conteal | 1.57 306 [1.18 x 106|2.0-6.0 SO [PV P SR RSV MRS
ring 2.00 256 1.16 2.0-12.0 259 1.17 x 106(3.0-6.0 259 1.17 x 106{3.0-5.0
2.50 185 .85 2.0-12.0 185 .85 2.0-6.0 185 .85 3.0-5.0
2.87 138 .70 2.0-12.0 139 .70 2.0-6.0 138 .70 3.0-5.0
800 conical | 2.00 260 |1.17 x 106]|2.0-12.0| --- 260  {1.17 x 106[3.0-5.0
ring 2.30 —_— —— 214 0.95 4.0 ~—
2.50 185 .85 2.0-12.0 185 .85 3.0-6.0 185 .85 3.0-5.0
2.70 _— 159 T 4.0 —
2.87 138 .70 2.0-12.0 139 .70 2.0-6.0 138 .70 3.0-5.0
2.90 -— 161 7 4.0 T [ S (O -
3.00 149 .78 2.0-12.0 1k .8 2.0-6.0 ———
3.20 — 146 .82 4.0 —- -
3.40 — 159 .95 4.0 c—-
3.50 162 |[1.00 2.0-12.0| 162 [1.00 2.5-6.0 U P I P
3.70 -— 150 .99 k.o B vy "
3.96 5% {1.05 2.0-12.0| 15% |1.05 2.0-6.0 e ———
4,20 _— 153 1.1k 4,0 N Py N
4.ho — 145 1.16 4.0 B (S v
4.65 126 1.09 2.0-12.0 126 1.09 2.0-6.0 B T LT eeyny (RS EN
90° conical 2.00 260 1.17 x 106|2.0-12.0 259 1.17 x 106{3.0-6.0 -—
ring 2.50 185 .85 2.0-12.0| 186 .85 L.0-6.0 e ey BEE
2.87 e 138 .70 2.0-6.0 i sl ety

10



TABLE I.- TEST CONDITIONS - Concluded

Space vehicle A Space vehicle B Space vehicle C
Decelerator nﬁgle} » Dynamic | Reynolds 1 / 3 Dynamic | Reynolds 1 / a Dynamic Reynolds 1/d
pressure, number range pressure, number renge pressure, number range
1b/sq ft | per foot 1b/sq ft | per foot 1b/sq ft | per foot
80° cone 2.00 258 |1.16 x 100{4.0-12.0)  mem | oo e S DUV S
2.30 | 215 .9 4.0-12.0] 213 |0.9% x 1093.0-6.0] = mm= | mmccemmmmc|ammmaee
2.30 Lo 1.95 4.0-12.0 440 1.95 3.0-6.0 R [ Y (O
2.50 -— 1.95  |eememane 185 .85 3.0-6.0 B ey R
2.%0 P [FSINI NS 468 2.16 3.0-6.0 FUURUU (VS [
3.00 245 1.30 4.0-13.0 148 .78 1.0-6.0 [ L
3.00 469 2.47 2.0-13.0 469 2.47 1.0-6.0 SV R [
3.50 161 1.00 %.0-13.0 162 1.00 2.0-6.0 S
3.50 534 ]3.30 4.0-13.0| 534 |[3.30 2.7-6.0f === |ommmmmmeo o
3.96 154 1.05 4.0-14.8 154 1.05 1.0-6.0 e
3.96 476 3.2 6.0-13.0 276 1.87 1.0-6.0 SV Y S S
4.65 126 1.09 2.0-15.9 126 1.09 1.0-6.0 S (PSS P,
4.65 460 3.99 k.0-13.0 297 2.57 1.0-6.0 R [FSOU I VS ——
80° cone with | 2.00 260 [1.17 x 100[6.0-12.0] 258 |1.16 x 106{3.2-6.7] =e=  |mmmcmcmmmn|emoaam-
5-percent 2.30 256 1.1% 6.0-14.8 213 .95 k.0 R ] Lt
disk 2.50 PRV U SO P 184 .85 4.0 (U (SO PO
2.70 e T 158 .78 4.0 T B sl R
2.90 S | Y 160 .78 k.o B
3.00 148 .78 2.0-12.0( 1k9 .78 2.0-6.0 e CREETEE B BEE R
3.20 e PSSV - —— 146 .82 k.o e
3.40 --- - e 159 .95 k.o T oL R PR
3.50 162 1.00 4.0-12.0 162 1.00 2.0-6.0 (R SRR (SO
3.70 PR R S, 149 .93 k.0 et
3.96 15k 11.05 k,0-12.0| 154 1.05 2.0-6.0{ === [m=mmmemmeelammemee
4.20 e et R 153 1.07 k.0 i Caan e e e EEEE
4.40 R [PPSR SHRY S —— 145 1.16 4.0 PECUVE UV P
4,65 126 1.09 2.0-12.0 126 1.09 2.0-6.0 PSR [ SRR (R
80° cone with 2.00 260 1.17 x 106(6.0-12.0 260 1.17 % 106{3.2-6.8 [RUNIEEE N DU P
10-percent 2.30 228 1.01 6.0-12.0 214 .95 3,0-6.0 VUV U S P
disk 2.50 e et Bttt 185 .85 3.0-6.0 T D P
3.00 145 .85 k.0-1%.0 148 .78 2.0-6.0 B [
3.50 RPN [PV SPE UV PV, 162 1.00 3.0-6.0 ) P
3.96 154 1.05 6.0-13.0 154 1.05 4.0-6.0 SR [V IVUPUI I S
4,65 126 1.09 6.0-13.0 126 1.09 4.0-6.0 T S SR
80° cone with 2.00 FEPENEE (PG PO 165 0.74 4.0-4.9 JEPEUER (R S
15-percent
disk
60° modified 2.00 257 1.16 x 106|2.0-12.0 258 1.16 x 106]2.0-6.0 260 1.17 x 106 [2.0-6.0
cone 2.50 185 .85 2.0-12.0 185 .85 2.0-6.0 185 .85 2.0-5.0
(a = 2.67) 2.87 137 .70 2.0-12.0 138 .70 2.0-6.0 137 .70 2.0-5.0
60° modified 2.00 260 1.17 x 106|2.0-12.0 260 1.17 x 108|2.0-6.0 260 1.17 x 100 {3.0-5.0
cone 2.50 186 .85 2.0-12.0 186 .85 2.0-6.0 185 .85 3,0-5.0
(a = 2.05) 2.87 137 .70 2.4-12.2 139 .70 2.0-6.0 137 .70 3.0-5.0
60° modified 2.00 260  [1.17 x 106{5.0-12.5| —cc | commmmmeno fommmena SV RO A
cone 2.50 186 .85 5.0-10.5 (RO (S U PRI, Y (U FUpSIy
(a = 1.42) 2.87 137 .70 2.7-10.5 SUUIVER [PV U Y S — JEOPORE PEVCRU IR PRS-,
60° modified 2.00 258 {1.16 X 106(4.0-12.0| em= | eocmccmcccaomceaa SO RS S
cone
(a = 2.67)
with
10-percent
disk

11




‘maysAs qroddns aToTysa-o0eds UYITM UOTR09S 4697 ~-°T aInITJd

*INI3S B U0 pajunom g aTOoTYsA 20vds Jo yo3eNs (®B)

Jojedaradag

8 8T21YyaA agedg

‘

" QON.«L\

U

MOPUIM UaJalTyos

12




L-61-6188
(b) Space vehicle B mounted on a strut with 80° conical ring attached.

L-61-6186
(c) Space vehicle C mounted on a strut with 8-inch sphere attached,

Figure 1.- Concluded.
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Figure 4.- Drawing of rigid-decelerator shapes investigated.
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Trailing shock

Supersonic
flow field

Long trailing distance

Subsonic flow field

Short trailing distance

;Qzﬁsupersonic flow field

Very short trailing distance

Figure 6.- Schematic representation of various flow fields at supersonic free-stream velocities,
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1~63-54

Figure 9.- Variation of drag coefficient and associated flow field with z/d for a 6-inch sphere
in the wake of space vehicle B at a Mach number of 3.96.




1/d = 8.0, Mo = 2.87

L-63-46

Figure 10.~- Typical flow fields of spheres in the wake of space vehicle A at various Mach numbers.
(8-inch sphere.)
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Space vehicle A, =24 in. Space vehicle B,1=33 in.

6-inch sphere

Space vehicle B, 1=27 in.

Space vehicle A, (=19 in.
8-inch sphere

L-63-47

Figure 1l.- Typical flow fields of spheres in the wake of space vehicles A and B at a Mach number
of 2.87.
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6 = 60°, l/d = 2.0, Mg, = 2.00 g = 60°, I/d = 60, M, = 2.00

6 = 70°, I/d = 4.0, M_ = 2.50 6 = 70°, 1/d

g = 80°, l/d = 4.0, M_ = 2.87 ¢ = 80°, I/d = 10, M, = 2.87

(a) Space vehicle A. 1-63-48

Figure 13.- Typical flow fields about conical rings in the wake of space vehicles A and B at various
Mach numbers.
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(a) Space vehicle A. L-63-50

Figure 16.- Typical flow fields of modified 60° and 80° cones in the wake of space vehicles A and B
at a Mach number of 2.00.
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Figure 18.- Continued.
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(c) Space vehicle C.

Figure 18.- Concluded.
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(a) Space vehicle A,

Figure 19.~ Variation of drag coefficient with Mach number for 60° modified cones at various tow-
cable lengths.
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(b) Space vehicle B.

Figure 19.- Continued.
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{c) Space vehicle C.

Figure 19.- Concluded.
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(a) Space vehicle A.

Figure 20.-~ Variation of drag coerficient with Mach number for 80° modified cone at various tow-
cable lengths.
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Figure 20.- Concluded:
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(a) Space vehicle A.

Figure 21.- Comparison of drag coefficients for various stable decelerators through a Mach number
range.
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Figure 21.~ Concluded.
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